Abstract-The properties and mechanisms of Ca release induced by thymol from the intracellular Ca-store in the guinea-pig taenia caecum were investigated and compared with those by carbachol, using an intact muscle and a microsomal fraction. In Ca, Na-free, EGTA-containing K-solution, a transient contraction was evoked by each drug, and carbachol produced the contraction following treatment with thymol; however, a reversed sequence did not. The efflux of preloaded 45Ca in the presence and absence of ATP from taenia microsomes was accerelated by increasing concentrations of Ca ions outside. The minimal concentration to stimulate 45Ca-efflux was below 0.2 flM in both cases, and the Km values for Ca ions in the presence and absence of ATP were estimated to be 0.65 ,aM and 2.0 liM Ca ions, respectively. Thymol, which has been reported to be one of the most potent stimulators of the Ca-induced Ca release in the sarcoplasmic reticulum of skeletal muscle, enhanced the 45Ca-efflux from the taenia microsomes in the presence of ATP dose-dependently, and its mode of action seemed bimodal. That is, at 0.5 mM, thymol lowered the concentration of Ca ions which are needed to induce stimulation of 45Ca-efflux, whereas, at 1 mM, the stimulative effect of thymol on 45Ca-efflux was to augment the maximum rate of 45Ca-efflux, independent of concentrations of Ca ions. Carbachol (1 mM) did not have an effect on 45Ca efflux with or without 0.1 mM GTP. In conclusion, the possibility has been sug gested that in the guinea-pig taenia caecum, carbachol might release stored Ca ions via unknown pathway(s), whereas thymol directly releases Ca ions in a ATP regulated fashion. Further, carbachol would be more efficaceous for releasing stored Ca ions. Notwithstanding, the Ca-stores and/or the Ca-releasing mecha nisms, which are utilized by both thymol and carbachol, seemed to share a common part(s) to some degree.
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source of Ca ions that is mobilized by both carbachol and caffeine, the latter drug is a well-known stimulator of the Ca-induced Ca release mechanism in skeletal and cardiac SR (4) (5) (6) . The norepinephrine-sensitive Ca store has been also proposed to be SR in vascular tissues (7, 8) .
Thymol has been shown to be one of the most potent stimulating agents of Ca release from SR in skeletal muscle (4) , but little information is available concerning its effect on smooth muscle. Magaribuchi et al. (9) suggested the possibility that thymol might release Ca ions from their binding sites beneath the muscle membrane using intact tissues in physiological saline solution, but direct evidence that thymol can interact with the Ca-store and stimulate the Ca-induced Ca release mechanism in smooth muscle cells has not yet been presented. It has been suggested more recently that the Ca-induced Ca release mechanism can also operate in the guinea-pig taenia caecum (10) and the guinea-pig mesenteric artery (1 1 ), using saponin-treated skinned muscle bundles. On the other hand, biochemical data have shown that the rate of unidirectional 45Ca-efflux from skeletal and cardiac SR vesicles was stimulated by micromolar concentrations of Ca ions (12-15).
In this report, therefore, to obtain clues to understand the properties and mechanisms of Ca-release from drug-sensitive Ca-stores in smooth muscle cells, we at first studied the effects of thymol and carbachol on the intact guinea-pig taenia caecum in Ca-free, EGTA-containing K-solution. Then it was examined whether 45Ca-efflux from the taenia microsomes was altered by increasing the concentration of Ca ions outside. Finally, the effects of thymol and carbachol on 45Ca-efflux were studied. were removed by cen trifugations at first at 2,500xg for 10 min and secondly at 15,000xg for 20 min. The supernatant thus obtained was spun at 100,000xg for 60 min, and the resulting pellet was suspended in a small volume of buffered sucrose solution. To the suspension was added an equal volume of buffered sucrose solution containing 1.2 N1 KCI in a dropwise manner, and the suspension was then cen trifuged at 100,000 x g for 60 min. The pelleting material was resuspended in buffered sucrose solution and used as microsomes in this study. The data of analyses of marker enzymes in this microsomal fraction were described elsewhere (19). Studies on net 45Ca-uptake into microsomes Estimation of net 45Ca-uptake into micro somes was carried out as follows: The reaction medium consisted of 30 mM Tris/ maleate (pH 7.0 at 32°C), 5 mM ATP, 5 mM MgC12, 10 mM creatine phosphate, 5 mM NaN3, 0.1 mg/mI creatine kinase, 0.4 ,eCi/ml 45Ca , 50 or 100 ,uM CaCl2 and various con centrations of EGTA to give expected con centrations of Ca ions. Values of binding constants of Ca2+-EGTA, Cat+-ATP4-, Mgt+ ATP4 and H+-ATP4 were adopted as 1.26 x 106 M-1 (20), 3 .15 x 104 M-1, 8.8 x 104 M-1 and 9.33x106 M-1 (21), respectively, and calculations were carried out using a programmable calculator, FX 602P (Cacio Computer Co., Ltd., Japan). Concentrations of Ca ions may be overestimated (22). After 5 min preincubation of the reaction medium, 45Ca-uptake was started by addition of a microsomal suspension (0.1 mg/ml, final concentration). At timed intervals, a 0.5 ml aliquot of the reaction mixture was with drawn and filtrated through a Millipore filter (HAWP, 25 mm in diameter) under vacuum with an oil rotary pump (Hitachi 160VP-D, 140 I/min). Radioactivity trapped on the filter disc was counted as described previously (23). Studies on 45Ca-efflux from microsomes An energized loading of 45Ca: After 45Ca (10 fCi/ml) was loaded into microsomes for 10 min in the presence of ATP, 45Ca-efflux was started by dilution of the reaction mixture 10 to 25 fold with much the same solution as the medium used for 45Ca uptake except that 45Ca was omitted and 2 mm Ca-containing Ca-EGTA buffer (releasing solution) was added (16, 17, 24). Since, using this method, the specific activity of 45Ca in the reaction mixtures decreased to 1/200-1/800, reuptake of 45Ca during efflux was expected to be almost negligible. 
Results
Contractile responses of the guinea-pig taenia caecum to thymol and carbachol in Ca-free, EGTA-containing K-solution: To estimate the quantity of Ca ions in the drug sensitive Ca stores mechanically, we used a so-called 'Ca-load Ca-release' method that has been developed by Ohashi et al. (26), Casteels and Raeymaekers (27) and Brading and Sneddon (28). It has been reported that the characteristics of the smooth muscle membranes can be modulated by drugs (9). Therefore, the preparation was kept almost depolarized by using Ca, Na-free, EGTA containing K-solution to avoid such possible changes in the membrane potential. After incubation with 2 mM Ca ions for 5 min, thymol (0.2-1 mM) elicited a transient contraction of the guinea-pig taenia caecum in Ca, Na-free, EGTA-containing K-solution (Fig. 1A) . The response to thymol was blocked by pretreatment with 5 mM procaine ( Fig. 1 B) . The contraction obtained by 1 mM thymol was 52.7±3.2% (mean±S.E., N=4) of that by 1 mM carbachol (a supramaximal concentration). Higher concentrations than 1 mM thymol were not applied to avoid the damaging effect of thymol on the tissues due to its well-known detergent-like action (4) . After the washing of thymol, a repeated dosing of thymol could not give any response (Fig. IC) . Application of 1 mM carbachol after pretreatment with 0.5 mM thymol, however, caused a contraction ( Fig. ID) , whereas there was no response to thymol following addition of carbachol (Fig. 1E ). The disappearance of the thymol-induced contraction in Fig. 1 E was not due to depletion of Ca ions in the store by a pro longed Ca-deprivation, since the response to thymol could be obtained at 12.5 min after washout with Ca, Na-free EGTA containing K-solution without the preceding addition of carbachol ( Fig. 1 F) . Responses to thymol and carbachol were restored after incubation with Ca ions (for example, Fig. 1 C to D and D to E, respectively).
Net 45Ca-uptake in the microsomal fraction from the guinea-pig taenia caecum and effect of thymol: Microsomes obtained from the guinea-pig taenia caecum could take up 45Ca in the presence of MgATP, as reported elsewhere (19). The rate of net 45Ca-uptake was dependent on the con centration of Ca ions in the reaction mixture ( Fig. 2A ) and appeared to compose of two phases: a rapid one during about 2 min after the start of reaction and a subsequent, relatively slow one. Figure 2B shows the relationship between the concentrations of Ca ions in the reaction mixtures and the initial and steady-state rates of net 45Ca uptake. The initial rate of net 45Ca-uptake was the content of 45Ca taken up during 15 sec after the start of reaction, and the steady state rate was obtained from the slope of uptake during 5 to 15 min. Eadie-Hofstee analyses show that maximum rates for the initial uptake and steady-state uptake were 4.6 nmol/mg/15 sec and 1.6 nmol/mg/min, respectively (Fig. 2C) . The Hill coefficient of the initial rate of net 45Ca-uptake was 0.95 (r=0.997), and the Km value was 0.63 i M (Fig. 2D) . On the other hand, the Hill coefficient of the steady-state uptake was 0.95 (r=0.996), and the Km value was 0.45 iM (Fig. 2D) . Figure 3 shows the effect of thymol (0.2 1.0 mM) on net 45Ca-uptake at 10, 3 and 0.3 iiM Ca ions. Thymol inhibited net 45Ca uptake, and its action was in a dose dependent manner. 45Ca-efflux in the microsomal fraction from the guinea-pig taenia caecum and effects of Ca ions, thymol and carbachol: The effect of Ca ions on efflux of 45Ca from microsomes was studied (Fig. 4) . 45Ca was introduced into microsomes in the presence of 10 tM Ca ions and 5 mM ATP (an energized loading).
As shown in Fig. 4A and B, when the concentration of Ca ions in the diluting media was raised, 45Ca-efflux was accerelated.
In order to estimate the initial 45Ca-efflux as a function of Ca ions, the amounts of 45Ca contents in microsomes at 30 sec after isotopic dilution were taken, because it was difficult to determine the Fig. 2 . Net 45Ca-uptake in the microsomal fraction from the guinea-pig taenia caecum. A. Time course of net 45Ca-uptake at various concentrations of Ca ions which were specified in the figure. Abscissa: reaction time (min), ordinate: net 45Ca content taken up into micrsomes (nmol/mg protein). B. Relationships between Ca concentrations in the reaction mixtures and the initial rates (10) and the steady-state rates (0) of 45Ca-uptake. The initial rates of 45Ca-uptake were the quantities of 45Ca sequestered during 1 5 sec, and the steady-state rates were obtained from the slopes of figures between 5 and 1 5 min. C. Eadie-Hofstee plots of the data in B. Vniax's for the initial (0) and steady-state (0) rates were 4.6 nmol/mg protein/15 sec and 1.6 nmol/mg protein/min, respectively. D. Hill plots of the data in B. The Kni value and the Hill coefficient for the initial rates (0) were 0.63 pM and 0.95 (r=0.997), respectively.
In the steady-state uptake (0), the Km value and the Hill coefficient were 0.45 pM and 0.95 (r=0.996), respectively. tration of Ca ions in the medium and the rate of 45Ca-efflux was observed when 45Ca was loaded overnight and then effluxed in the absence of ATP (passive loading and efflux), where a membranous Ca-pumping system was not operative (Fig. 5) . The threshold concentration of Ca ions to stimulate 45Ca-efflux was below 1.0 aM, and the Km concentration was 2.0 ,aM (Fig. 5C) . The Km concentration for Ca ions to stimulate 45Ca-efflux in the absence of ATP was comparatively higher than that in the presence of ATP. Fig. 6 . 45Ca-efflux from microsomes at 10 (0), 3 (0) and 0.3 (x) UM Ca ions in the presence of 5 mM ATP. Microsomes were incubated in 5 mM ATP, 10 ,uM Ca ions (10 aCi 45Ca/ml) and other con stituents at 32°C for 10 min, and then diluted into 20 volumes of releasing solutions supplemented with thymol. The concentrations of thymol in mM were 0 (A), 0.5 (B) and 1.0 (C). D. Effects of thymol on the dependence of 45Ca-efflux on free Ca ions, plotted from the data in Fig. 6A , B and C. As the ordinate, the contents of 45Ca effluxed during 10 sec after isotopic dilution were shown, since the effect of thymol was complete within 10 sec. The value of 45Ca-content in microsomes at time 0 was conveniently estimated to be 38 nmol/mg protein by extrapolation of the control efflux curve at 0.3 pM Ca ions.
Thymol enhanced the Ca-induced stimu lation of 45Ca-efflux. The action of thymol was concentration-related, and it was prominent in a lower concentration of Ca ions (Fig. 6) . Figure 6A shows the control effluxes of energized taken-up 45Ca when the Ca ion concentrations in the releasing solutions were 10, 3 and 0.3 ,WM. In the presence of 0.5 mM thymol (Fig. 6B) , the rate of 45Ca-efflux at 0.3 uM Ca ions became faster, while the rate at 10 flM Ca ions was hardly affected, and the efflux curve was superimposable on the corresponding control one. When 1 mM thymol was included in the releasing medium, 45Ca was effluxed at nearly equal rates at all concentrations of Ca ions examined, and they were much faster than the control efflux at 10 ,eM Ca ions which gave the nearly maximum rate of efflux in the absence of thymol (Fig. 6C and  D) . Some parts of the inhibitory effect of thymol on net 45Ca-uptake may be attributed to its stimulating action on 45Ca-efflux. The effect of thymol was not observed in the absence of ATP (Fig. 7C ). Mg2+ (10 MM but not 1 mM) partially inhibited Ca-induced stimulation of 45Ca-efflux in the absence of ATP (Fig. 7D ), but not in the presence of ATP (Fig. 7B) . Procaine did not influence the stimulated 45Ca-efflux induced by Ca ions or thymol-induced 45Ca-efflux in the presence (Fig. 7A) and absence (Fig. 7C ) of ATP. Similar lack of the effect of procaine on caffeine-induced 45Ca-release was also reported in canine fragmented cardiac sarcoplasmic reticulum (29). Carbachol (1 mM) had no effect on 45Ca-effluxes in the presence and absence of 0.1 mM GTP at 1 /iM Ca ions or 2 mM EGTA (data not shown). 
Discussion
We have shown that thymol, which has been reported to be one of the most potent drugs for stimulating the Ca-induced Ca release mechanism in the SR of skeletal muscle (4), can evoke a phasic contraction of the guinea-pig taenia caecum in Ca-free, EGTA-containing K-solution. Carbachol produced the contraction after pretreatment with thymol; however, the reversed sequence did not. The possibility can be ruled out that extracellular Ca ions would contribute to thymol and carbachol-induced contractions, because we used thin bundles (100-200 /im in diameter) and 2 mM EGTA was included in Ca-free K-solution, as sug gested by Endo et al. (3) and Casteels and Raeymaekers (27). Although, unfortunately, maximal response to thymol could not be obtained due to its possible undesirable detergent-like action, it may be that carbachol had a much greater potential than thymol for releasing Ca ions from the seemingly same Ca-store or that the thymol-sensitive Ca store was a portion of the carbachol sensitive store. Strictly speaking, however, another possibility now remains that Ca ions, which are delivered by carbachol from one site, can in turn release Ca ions from another thymol-sensitive and perhaps Ca-sensitive site. Whatever are the etiologies of the thymol and carbachol-sensitive Ca stores, these results suggest that these stores and/or the Ca-releasing mechanisms are at least functionally overlapped with each other to some degree and that carbachol is more efficaceous than thymol for releasing stored Ca ions.
To attempt to obtain direct information on the properties and mechanisms of the release of stored Ca ions, we then examined the effects of the two drugs on the 45Ca movements in a fragmented membranous system or microsomes since quantification of Ca ions can be achieved easily, whereas it is difficult to determine Ca ions which are released from and trapped inside the Ca store with the intact or skinned muscles. Before investigation of and comparison between the actions of thymol and carbachol on 45Ca-movement in microsomes, some characterization of net 45Ca-uptake into microsomes from the guinea-pig taenea caecum was carried out. Figure 2 shows Ca dependency of the initial rates of net 45Ca uptake. The half maximal rate of net 45Ca uptake was obtained at a Ca ion concen tration of about 0.6 tiM, which is nearly equal to the threshold concentration of Ca ions required to evoke contraction in the skinned taenia (30). Moreover, about 5 nmol/mg protein/15 sec was obtained as the maximal initial rate of the net 45Ca-uptake that is attained at around 10 caM Ca ions, which induce 75% of the maximal tension (30). Assuming that about 15 mg protein of microsomes is contained in 1 g wet weight tissue (19), 75 ,cmol of Ca ions will be removed from the myoplasm per 1 kg tissue during 15 sec. These results may enable us to suppose that an energized Ca-pumping system(s) has capabilities enough to relax the guinea-pig taenia caecum at a physio logical speed.
Thymol had an inhibitory action on net 45Ca-uptake . The inhibition of net 45Ca uptake by thymol may be partly related to its contracting action. Thymol is, however, assumed to be a stimulating agent of the Ca induced Ca release in skeletal muscle SR (4). Moreover, net 45Ca-uptake should represent the true uptake minus the efflux. Thus, to know the mechanisms of actions of thymol on microsomes, we further studied the effects of thymol and Ca ion itself on 45Ca-efflux. Increasing concentrations of Ca ions around a micromolar concentration range did accelerate the efflux of 45Ca which was preloaded via an energized (16, 17, 24) or a passive process (17), as evidenced in skeletal and cardiac SR vesicles (12-15).
In a me thodological sense, firstly, Ca-induced stimu lation of 45Ca-efflux was not due to 45Ca reuptake by microsomes after dilution in the presence of ATP, since the specific activity of 45Ca was decreased to 1/200 to 1/800 after dilution, and even if so, a resultant 45Ca efflux should obey an inverse dependence on the concentration of Ca ions in diluting media. Secondly, the possibility can be excluded that Ca-induced stimulation of 45Ca-efflux did not arise from increased 40Ca-uptake in the presence of ATP , to a first approximation that Ca ions taken-up come to equilibrium inside a microsome rapidly (see Appendix). This postulate seems plausible because it has been well known that addition of a Ca-ionophore, A23187 or X537A, into a reaction mixture produces a rapid and almost complete loss of Ca ions taken-up in many preparations (e.g., ref. 31). Moreover, this Ca-induced stimulation of 45Ca-efflux in the presence of ATP cannot be attributed to so-called Ca-pump reversal (32), since, unlike the Ca-induced stimu lation of 45Ca-efflux, pump reversal is inhibited by a rise in concentrations of Ca ions outside or by addition of ATP. High sensitivity of Ca-induced stimulation of 45Ca efflux to Ca ions has also been described. The minimal concentration of Ca ions to induce stimulation of 45Ca-efflux is about 0.2 /tM, which is below the threshold con centration for contraction (30). Itch et al. (11) reported that the Ca-induced Ca release mechanism appears to modify the amount of stored Ca ions by incubation in over 0.25 ,uM Ca ions (recalculated using the apparent binding constant between Ca and EGTA employed in our study) in the saponin-skinned guinea-pig mesenteric artery. This value seems to fairly agree with the one found in this study, although a direct comparison was impossible because of the different experimental conditions. It, however, must be considered whether or not a substantial net release of Ca ions from microsomes actually happens, although stimulated 45Ca-efflux is induced by Ca ions. The data shown in Fig. 2 indicates that net Ca-uptake is increased continuously with regard to time and the concentration of Ca ions in the reaction mixture. These results seem not to be consistent with those obtained with skinned muscle preparations, where the content of Ca ions in the Ca store was reported to have a tendency to decline, possibly due to operation of Ca induced Ca release, (1) by increasing the concentration of Ca ions to load the store (10 , 11, 33) or (2) by prolonging the period of the incubation with Ca ions (11). Moreover, (3) we could not demonstrate the presence of a critical level of loading of 45Ca ions for Ca-induced stimulation of 45Ca-efflux to occur, which differed with skinned muscle (5, 32) , and some investigators have also reported no observation of such a "threshold phenomenon"
in fragmented SR (14, 34). As to the first inconsistency, if the threshold phenomenon did not exist and if the sensi tivities to Ca ions for Ca-uptake and Ca release were identical, it might be that the resultant net uptake was not decreased by elevation of the concentration of Ca ions . This view would be compatible with our data (see Figs. 2 and 4) . On the second problem, it may be possible that in experiments with skinned muscles, an insufficient buffering of Ca ions around the surface of the Ca-store would bring about a progressive decrease in contents of Ca ions in the Ca-store due to operation of Ca-induced Ca release activated by Ca ions leaked from the Ca-store.
However, conversely, it cannot be now excluded that Ca-induced stimulation of 45Ca-efflux would represent 40Ca -45Ca ex change, but not 40Ca-induced 45Ca release . Therefore, it was next attempted to examine the effect of thymol on 45Ca-efflux. Thymol has been reported to be one of the most potent stimulators of Ca-induced Ca release in skeletal muscle (4) and evokes a transient contraction of guinea-pig taenia caecum in Ca-free solution (in this study) . Thymol considerably decreased the content of 45Ca which had been taken-up by microsomes within 10 sec after addition of the drug, and it is difficult to explain such a rapid and transient effect of thymol by supposing that inhibition of 40Ca-uptake after isotopic dilution was made somehow to look like 45Ca release. We are therefore inclined to assume that thymol directly acts on microsomes to release Ca ions, probably by raising the permeability of microsomal membranes to Ca ions. The lack of potentiating effect of thymol on 45Ca-efflux in the absence of ATP suggests that a nonspecific permeabilizing action is not responsible for the effect of thymol on 45Ca-efflux in the presence of ATP, as well as the transient nature of the effect on efflux. From the data shown in Fig. 6D , about 20 nmol Ca ions/mg protein/ 10 sec was calculated to be released when 1 mM thymol was applied, which suggests that 300 amol Ca/kg tissue/10 sec was released. The value would be enough to account for the contracting action of thymol.
The mode of action of thymol appears rather complex. The effect of thymol in a lower concentration (0.5 mM) was Ca dependent, that is, pronounced at a lower concentration of Ca ions, which suggests that thymol specifically acts on microsomes to lower the concentration of Ca ions which are needed to induce stimulation of 45Ca efflux. This view seems to resemble the action of caffeine (5) . On the other hand, at a higher concentration (1 mM), the stimu lative effect of thymol was independent of Ca ion concentration, and the mode of the action was to enhance the maximum rate of efflux ( Fig. 6C and D) . Therefore, as one of the plausible possibilities, it may be also said that thymol would act on microsomes to make a Ca-permeable site open, and simul taneously, to make it lose its Ca-dependency. At any rate, there seems to be some differ ence between the mechanism of action of thymol and that proposed for caffeine from studies with skinned muscles (5); i.e., caffeine (2 mM) caused release of Ca ions by enhancing the Ca-induced Ca release mechanism.
However, it will have to be clarified whether the difference is derived from the difference in the drugs themselves, their concentrations or methodology used for the experiments. More recently, in isolated SR of rabbit skeletal muscle, Su and Hasselbach (34) have reported a similar profile of Ca dependency of caffeine (10 mM)-induced Ca release in the presence of ATP to our results with thymol.
As In the present study, 10 mM Mg ions (but not 1 mM) inhibited Ca-induced stimu lation of 45Ca-efflux considerably in the absence of ATP, but not in its presence. In mechanically skinned frog skeletal muscle, Mg ions were reported to inhibit Ca-induced Ca release both in the presence and absence of ATP (5, 33) . Although the mechanism of the differences in modes of actions of Mg ions between the skeletal muscle and the guinea-pig taenia caecum is now unclear, it may be that the 45Ca-effluxing system in smooth muscle would be less sensitive to Mg ions, compared with that in skeletal muscle. In our study, however, procaine did not influence the Ca-induced stimulation of 45Ca-efflux or thymol-induced 45Ca-release .
It is yet unknown why procaine did not depress either stimulated 45Ca-efflux, while the drug blocked the thymol-induced con traction of the guinea-pig taenia caecum in Ca-free solution. Similar lack of an effect of procaine on caffeine-induced 45Ca release was also reported in canine fragmented cardiac sarcoplasmic reticulum; that is, the rate of caffeine-induced net release of Ca ions was accelerated by increasing the con centration of ATP, and this release was blocked by increasing the concentration of MgCl2 from 5 mM to 10 mM, but was not inhibited by 10 mM procaine (29). These results suggest that the function of a possible site(s) involved in the manifestation of the inhibitory effect of procaine on 45Ca-efflux may tend to be lost during isolation of membranous fractions. More recently, by preparing saponin-skinned single cells from guinea-pig taenia caecum, Obara et al. (36) succeeded in showing caffeine-induced 45Ca efflux which can be inhibited by 1 mM procaine.
One Ca-sequestering system seems to operate in the microsomes judging from the Hill coefficient (=0.95 in both initial and steady-state uptakes), and this uptake was shown by us previously (19) to be stimulated by addition of oxalate which has been reported to act on SR selectively (37). As presented elsewhere (19), however, assays of several marker enzymes have indicated that in addition to SR, plasma membrane, but less outer or inner mitochondrial membrane, was concentrated in the microsomes used in this study. Therefore, it is not possible to exclude that some portion of 45Ca trapped in microsomes may be attributed to that in plasma membrane vesicles. Although it has been attempted by several researchers (e.g., ref. 38) to isolate cellular organelles from various types of smooth muscle using a sucrose density gradient fractionation tech nique, complete purification has not yet been carried out due to its technical difficulty. Therefore, we cannot conclusively identify the site of actions of thymol and Ca ions on 45Ca -efflux from our biochemical data only .
We now tentatively suppose that these sites were on SR rather than other membranous organelles from functional data in Fig. 1 and analogy with skeletal muscle. This view may be supported by the suggestion of Endo et al. (3) that SR is a common source of Ca ions that is mobilized by both carbachol and caffeine, but further studies are needed.
receptor-linked release of stored Ca ions (40).
Appendix
As described in Methods, for prevention of 45Ca-reuptake during efflux, high concen tration of Ca-buffer was added. Assuming that the rate of Ca-efflux, V(Ca), is a linear function of the concentration of Ca ions inside a microsome of a homogeneous population, [Ca];, we obtained the following equation (12) : where kp is a permeability coefficient, which is assumed to be independent of isotopic species (40Ca and 45Ca).
From equation (4) , it is concluded that V(45Ca) is a function of [45Ca], only, that is, V(45Ca) is not disturbed by 40Ca which is being taken up promptly after isotopic dilution. Equation (4), moreover, indicates that the rate of 45Ca-efflux is expected to follow first order kinetics. Here it should be pointed out that equation (3) is validated on the assumption that f is constant at all points inside a microsome (a homogeneous dis tribution of both 40Ca and 45Ca in a micro some), and that kp is the same among all the microsomes (a homogeneous microsomal population). It is, however, probable that some Ca-binding sites exist in a microsome. It is also probable that there could be heterogeneity among microsomes, such as their cellular origins, their sizes or numbers of the Ca-permeating sites. From these possible problems, as seen in Fig. 4 , the 45Ca-efflux curve deviated from the one that was expected from equation (4) . We, therefore, considered the quantities of 45Ca ions effluxed during an early phase (at most 0.5 min) after isotopic dilution.
